Abstract: Understanding the characteristics of rural landscape change during the urbanization process is crucial to developing more elaborate rural landscape management plans for sustainable development. However, there is little information revealing how rural landscapes change at a local scale and limited evidence addressing how to improve the practicability of these management approaches. This paper aims to investigate local rural landscape compositions and patterns and to identify the spatial variability of local rural landscape change under rapid urbanization in eastern China to provide detail approaches to practicable and efficient local landscape management. The land use composition and landscape pattern from 2009 to 2012 were analyzed in three rural areas, namely, Daxing (DX) in Beijing, Quzhou (QZ) in Hebei Province and Changshu (CS) in Jiangsu Province. The results showed that the three rural areas varied in landscape pattern and land use composition change, even in the short term. Local farmland decreased slightly, demonstrating the effectiveness of the national farmland protection policy. Compared to the other two rural areas, CS was more diverse, fragmented and complex, and it had the greatest change rate between 2009 and 2012. In this rural area, semi-natural land dramatically increased, from 9.15% to 39.85%, and settlement construction unexpectedly decreased. QZ was characterized by a highly homogenous landscape dominated by farmland, which accounted for more than 80% of the total area, and it showed a slow decrease in farmland with weak increases in semi-natural land and construction. DX was characterized by a simple and homogenous landscape and had a median change rate of 9.32%, presenting a common land use change trend of a fast expansion in construction but decreases in farmland and semi-natural land. During decreases in highly valuable natural land, semi-natural land was important for nature conservation in rural areas at a local scale, but that process needs further improvement, especially in DX and QZ. Generally, local rural landscapes became more disaggregated and diverse during landscape change. Land use switches among farmland, orchards, nurseries, and other production lands were the major driving force for local change. Considering differential characteristics of landscape change among rural areas, we suggest that efficient landscape management requires the development of strategies that account for the spatial variability of urbanization effects. Subsidies for the management of semi-natural land with high natural value are meaningful for local natural conservation.
Introduction
Urbanization will last for decades in major regions of the world, as it was estimated that the urban population will increase from 2010 to 2100 [1] . Associated with this process, a series of environmental problems, including rural landscape fragmentation, water quality degradation, soil pollution and erosion, and biodiversity loss [2] [3] [4] [5] [6] [7] [8] , have arisen. With the help of modern remote sensing techniques [9] [10] [11] [12] , monitoring landscape change, including land use change and landscape pattern change, is an efficient way to assess the effects of urbanization.
Many studies have investigated landscape changes under urbanization on a regional scale, especially when analyzing the tendencies of land use change [11, 13] , mapping changes [12, [14] [15] [16] , urban-rural gradient [17] , and exploring driving forces [10, [18] [19] [20] . A general land use change trend of construction expanding with farmland and a decrease in natural land is widely observed [11] [12] [13] [14] [15] [16] , with the main driving forces being population, policy, and economy [19, 21] . Furthermore, landscape pattern changes are usually analyzed and compared using landscape metrics [22] [23] [24] . These metrics indicate that urbanization results in a more heterogeneous and fragmented landscape [25] and more evenly distributed landscape patches [15] . Then, landscape management for sustainable development according to these crucial characteristics generally focuses on construction control, habitat protection and responses to fragmentation [26] [27] [28] . Due to the difficulty of obtaining data, few studies have shown land use change characteristics at a local scale, such as linear vegetation plantation leading to vegetation growth [29] and local specific landscape contributing management in European [30] , and these studies play a key role in revealing different land use change characteristics at a regional scale [31] .
China is a rapidly developing country that is facing rapid urbanization [32] [33] [34] , and construction expansion has caused a dramatic decrease in farmland and natural land at a regional scale [3, 19, 35, 36] . Figuring out land use and landscape change at a local scale is an important complement to regional studies in China [37] and provides evidence to improve land use management policies for sustainable development. When further discussing the practicability of these policies or how to practicably improve rural landscapes, research needs to go down to the local scale. However, few studies could provide these experiences, and a few studies could even show local rural landscape composition and change characters under urbanization. However, this information is crucial for efficient rural landscape management policies responding to urbanization processes and practicability improvement. This paper focused on local rural landscape characteristics. A field survey was used to obtain reliable and precise data. Land use composition, landscape pattern, and their changes were evaluated to reveal the basic characteristics of local rural landscapes under urbanization. Then, case studies were conducted in three areas to show the spatial variations in rural landscape changes and to provide more evidence regarding local rural areas. Finally, landscape management suggestions regarding the local rural landscape were discussed.
Study Areas and Methods

Study Area
Eastern China has been experiencing rapid urbanization in the recent several decades. This region is also a leader in innovation in Chinese urbanization development, and its development experience therefore provides critical examples for other regions. Considering that eastern China covers a large area, study areas in different regions helped to identify various landscape change characteristics at a local scale and have provided evidence for efficient management policy making. Villages located in rural areas of three provinces were selected (Figure 1 ): (1) The villages of Yanggezhuang, Gaozhuang and Shaziying are located in Daxing (DX), Beijing. Because of the effects of metropolitan development, these areas have greater financial and technical investments that provide more job opportunities and stronger economic development in the local community. That draws local farmers migrating from nearby provinces, causing high land use pressure; (2) The villages of Wangzhuang and Xingyuan in Quzhou (QZ), Hebei Province, are traditional agricultural production areas in the North China Plain. Production of food and economic crops still plays a dominant role in the local economy. Fields are mainly managed by local households. The local community shows a gradual and slow development of both the society and economy; (3) The villages of Zhujiaqiao, Yangzhong and Donggangjing are in Changshu (CS), Jiangsu Province, where the weather conditions differ from those in the other two areas, including more rain, and there is strong private economic development and a high level of urbanization in this part of eastern China. In these areas, family workshops are much more developed, and agricultural land is intensively cultivated by agricultural businesses and professional farmers who rent the lands from local farmers. 
ISPRS
Methods
Landscape change generally consists of two aspects, land use change and landscape pattern change. A local rural landscape survey was conducted to classify land use to obtain reliable data, and landscape pattern indicators were used to identify the pattern change.
Local Landscape Survey
To obtain accurate local land use data, field surveys in both 2009 and 2012 were carried out in the three study areas. High-resolution remote sensing images (IKONOS in Beijing and QuickBird in the other two regions) were used as the base maps. The boundaries and attributes of each landscape patch were recorded on this map. All the data were digitalized by ArcGIS 9.2 after the field survey 
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Local Landscape Survey
To obtain accurate local land use data, field surveys in both 2009 and 2012 were carried out in the three study areas. High-resolution remote sensing images (IKONOS in Beijing and QuickBird in the other two regions) were used as the base maps. The boundaries and attributes of each landscape patch were recorded on this map. All the data were digitalized by ArcGIS 9.2 after the field survey [38] ( Figure 2 ). Through local rural landscape surveys, landscapes were classified into three land use types including farmland, semi-natural land and constructions, and further classified into twelve land use subtypes (Table 1) . Farmland is cultivated by local farmers for agricultural production. Semi-natural land is a key element between farmland and natural land providing better condition for biodiversity conservation than farm land [39, 40] . The local field survey provided exact boundaries between patches and real land use types and produced reliable local landscape data. [38] (Figure 2 ). Through local rural landscape surveys, landscapes were classified into three land use types including farmland, semi-natural land and constructions, and further classified into twelve land use subtypes (Table 1) . Farmland is cultivated by local farmers for agricultural production. Semi-natural land is a key element between farmland and natural land providing better condition for biodiversity conservation than farm land [39, 40] . The local field survey provided exact boundaries between patches and real land use types and produced reliable local landscape data. The small woodland patches along the river and around settlements could be accurately identified, and areas of aquaculture could be distinguished from other waters through local field surveys. 
Landscape Pattern Analysis
Three landscape metrics widely applied to identify the main change characters of landscape pattern [23, 41, 42] , including Shannon's Diversity Index (SHDI), Contagion (CONTAG), and Landscape Shape Index (LSI), were used to evaluate pattern change and were calculated by FRAGSTATS [43] . SHDI is a popular index for measuring landscape diversity; it has a minimum value of 0, and its value increases with increasing diversity without limit. CONTAG is an indicator of landscape fragmentation with a range from 0 to 100; a value of 0 represents the maximal fragmentation state; and a value of 100 represents the reverse. LSI is useful for evaluating landscape aggregation and has a minimum value of 1, with increasing values as the landscape becomes more disaggregated.
Landscape Change Analysis
Landscape change is evaluated by two parameters. One is the total change rate (R), assessing land use change degree and is defined as:
where R is the total land use change rate of the study area. A 1 is the area of patches where land use changed, and A 0 is the total area of the study area. The other parameter is the net percentage of land use change (R i ), which is used to evaluate the change tendency of each land use:
where R i is the net percentage of land use change i, A i1 is the area of land use type i at present, and A i0 is the starting area of land use type i.
Land Use Transformation
Land use transformation aims to analyze the area transformation between different land use types. It was evaluated by a parameter of R ij showing transition trend and transitional probability between different land use types.
where R ij is the percentage of changed land use from i to j in total change land use. It presents the contribution of transformation from land use i to j in total changed land use. A ij is the area of changed land use from type i to j, and A is the changed land use area.
Results
Different Landscape Compositions and Patterns in Three Rural Areas
Agricultural production is the major function of rural landscapes. However, different areas showed a variety of agricultural production land use compositions (Table 1) . Farmland was a major land use component (40.26%) in CS, and aquaculture areas represented an important local production type (13.47%) that could not exist in QZ and was only a small part of DX (0.04%). In addition, nurseries (3.18%) and orchards (2.78%) were also observed in CS, while orchards (4.07%) and small areas of nurseries (0.10%) were observed in DX, and QZ contained no nurseries and only small areas of orchards (0.20%). Compared to the complex agricultural production land use in CS, QZ, and DX seemed quite simple in agricultural land use, with the dominant composition being farmland, especially in QZ.
In the context of farmland and construction land expansion, little natural land existed in rural landscapes, and semi-natural land played a key role in natural conservation [44, 45] . Vast differences in semi-natural land implied differing pressures on local natural conservation. CS had a significant amount of natural land, 39.85%, which was the largest proportion among the three areas. Semi-natural land in CS mainly consisted of aquaculture areas and other waters, including rivers, wetlands, and ditches surrounded by vegetation buffers, and four other land use types. The other two study areas showed lower proportions of semi-natural land: DX had 10.04%, and QZ had merely 4.52%. Due to the vast differences in composition, CS had the best conditions for local rural nature conservation, while DX and QZ faced serious problems with small areas supporting conservation, especially in QZ.
Constructions presenting artificial interruption had negative effects on local rural ecology. DX and CS had construction compositions that were obviously different from that in QZ, mainly because of the differences in settlement area. DX and CS had approximately twice as much land in construction and three times as much in settlement compared to QZ.
In addition to the distinctive land use composition, local rural landscape patterns showed different characteristics. Based directly on the land use map in 2012 (Figure 3) , CS was much more complex than the other two areas. Different land uses had complicated interactions that were clear in CS (Table 1) , leading to nearly 1.7 times the LSI observed in DX and QZ, which illustrated that CS had a more disaggregated local rural landscape. Small patches resulted in the lowest CONTAG value and the most pronounced fragmentation in CS. The highest SHDI value in CS, nearly 1.6 times that of DX and 2.3 times that of QZ, indicates that it has the greatest landscape diversity ( Table 2 ).
Landscape Change Characteristics in Different Rural Areas
Different areas faced different change pressures during the urbanization process. Based on direct evidence from the maps of changed land use (Figure 4) , CS had the largest number of changed plots and faced the highest pressure, and QZ showed many fewer changes and faced the weakest pressure. Overall, CS had the highest total change rate, at 14.29% (Table 2 ). These changed plots were separately distributed over the areas and occurred in both farmland and semi-natural land, while constructions showed a weak change, a loss of 0.12%. Changed plots in DX, mainly related to settlements, farmland, and orchard, took 9.32% of the total area. Only 2.11% of the area changed in QZ, mostly in small patches and showing a separated distribution pattern. Basically, this implied that agricultural production change was the main reason for land use change in CS, and construction expansion contributed to the changes in DX, while QZ remained stable. All three areas showed decreases in farmland. CS had the greatest loss of farmland (7.57%), and farmland in QZ dropped by only 1.29%. In contrast to farmland loss, good news came from a higher rate of increase in semi-natural land in CS and QZ, primarily due to nurseries, orchards, and woodlands. DX was the only area to show decreases in both farmland and semi-natural land, indicating strong pressure on local natural conservation. Orchard growth was the only improvement in semi-natural land in DX, where the other land use subtypes decreased.
At the local scale, construction did not show a general growth in the three areas. DX, near metropolitan Beijing, had a significant increase (15.61%) in construction, with the major source being settlements. Because of the small amounts in 2009, small increases in commercial land and industrial land produced significant growth rates in 2012. Considering the small area in 2009, which caused higher change rates in commercial land and industrial land, settlement and field road growth were the major sources of construction increases in QZ. Because agricultural production plays a major role in QZ, the finding that the fastest increase rate was for field roads was evidence All three areas showed decreases in farmland. CS had the greatest loss of farmland (7.57%), and farmland in QZ dropped by only 1.29%. In contrast to farmland loss, good news came from a higher rate of increase in semi-natural land in CS and QZ, primarily due to nurseries, orchards, and woodlands. DX was the only area to show decreases in both farmland and semi-natural land, indicating strong pressure on local natural conservation. Orchard growth was the only improvement in semi-natural land in DX, where the other land use subtypes decreased.
At the local scale, construction did not show a general growth in the three areas. DX, near metropolitan Beijing, had a significant increase (15.61%) in construction, with the major source being settlements. Because of the small amounts in 2009, small increases in commercial land and industrial land produced significant growth rates in 2012. Considering the small area in 2009, which caused higher change rates in commercial land and industrial land, settlement and field road growth were the major sources of construction increases in QZ. Because agricultural production plays a major role in QZ, the finding that the fastest increase rate was for field roads was evidence of efforts concentrating on production improvement and the effectiveness of that approach. CS showed an unforeseen decrease in settlement and construction, implying that construction expansion might not be the only trend in local rural areas. of efforts concentrating on production improvement and the effectiveness of that approach. CS showed an unforeseen decrease in settlement and construction, implying that construction expansion might not be the only trend in local rural areas. Based on decreases in the LSI, disaggregation became more serious from 2009 to 2012 in DX and CS. Farmland became predominant in local land use, its growth increased LSI value and led to local landscape aggregation in QZ. Decreased fragmentation could be observed in all areas, and DX had the weakest deterioration, with CONTAG slowly declining by 0.8%. Landscape diversity continued to increase in all areas, as shown by the SHDI growth implying a landscape of more mixed land use.
Most Common Land Use Changes
Although farmland decreased at a low rate, it showed a complicated transformation process with other land use types in all three rural areas. Farmland was a major source for increases in other land use types, while a large amount of land from other land use types also became farmland from 2009 to 2012 (Table 3) . Concentrating on the lost farmland, it was more likely to become semi-natural land than construction sites. Changes from farmland into orchards, nurseries, and woodlands were a general trend in all three areas, resulting in a common increase in semi-natural land. Meanwhile, orchards, aquaculture areas, and unused land were the main sources of land that became farmland. The complex transforming interactions among these land use types showed a strong effect of changing agricultural production on the local landscape.
Unused land, the land with the highest natural value at a local scale, was a major land use type for transfer into other types with very little land becoming unused. The decrease in unused land negatively affected local natural conservation, especially when the unused land with high natural value was turned into construction sites. At the same time, the increases in semi-natural land were mainly derived from farmland and unused land, providing good conditions for natural conservation. That could be used as a measure to weaken the effects of the loss of unused land on local conservation.
Construction sites were mainly developed from farmland and unused land and weakly transformed into farmland. Although construction turning into unused land was observed in CS, this happened only in one patch and could be considered a special case. Generally, the relationship between farmland and construction needs to be focused on construction land management. Other waters% Note: This matrix does not include reports for other waters and other roads because they showed no land changes. Total decrease indicates the percentage of land use decrease in the total changed area.
Discussion
Semi-Natural Land for Local Natural Conservation
Under the urbanization process, very little land with natural value survived in the local rural landscape in our three study areas, which were distributed from north to south in eastern China. The areas of unused land with the greatest natural value were small and discrete, which was ineffective for local natural conservation. As semi-natural land is important for providing multiple ecological services, such as connecting corridors, sustaining biodiversity, biological control, soil conservation, and culture services [46] [47] [48] [49] [50] , it plays a key role in local natural conservation when little natural land remains. Because the optimal total surface of natural or semi-natural areas to maintain an adequate diversity of species in an agricultural landscape is suggested to be 15% [51] , more natural or semi-natural land should be encouraged in DX and QZ in order to improve ecological services in these regions. Local conservation pressure also came from the decrease in semi-natural land, especially the decrease in unused land observed in all three areas and reduction in total semi-natural land in DX. The increases in semi-natural land in QZ and CS were a good sign for ecological restoration, as they provided valuable facilitation for ecological conservation to counteract the dramatic decrease in natural habitat area associated with the urbanization process [52] . Considering the semi-natural land composition and the change trend, CS had the best conditions and the weakest pressure for local conservation, DX had the highest pressure for local conservation, and QZ had the worst conditions for local conservation.
Rural Landscape Change at a Local Scale
Studies show a general trend of decreases in farmland during urbanization in various regions around the world [9, 21, [53] [54] [55] [56] . A similar trend of changes in farmland and semi-natural lands was also observed in China at the regional scale [29, [57] [58] [59] [60] . At a local scale, our study showed the same trend of decreasing farmland, but at different speeds: CS showed a decline of 7.57% and QZ a decline of 1.29%. Compared to studies of long-term change [37, 61, 62] , our study provides evidence of the effectiveness of national prime land protection policy, which aimed to protect farmland by imposing restrictions on regional total arable land area [63] . Due to this protection policy, the slow decrease in farmland might last in the future.
At a regional scale, semi-natural land shows a decreasing trend, mainly due to agricultural development [64] [65] [66] . Our study showed gentle growth of semi-natural land in QZ and CS and a weekly decrease in DX at a local scale. These changes mainly occurred between farmland and semi-natural land and faced the major driving force of changing agricultural production. QZ and CS showed changes from farmland to semi-natural land, which was mainly driven by pursuing more economic income from semi-natural orchards or wood plantations. Similarly, economic factors, rather than policy and population, play more important roles in driving local rural landscape change [60, 67] .
Although construction expansion is a common trend during the urbanization process [8, 15, 37] , it showed various characteristics at a local scale. Construction grew in DX and QZ but decreased very slowly in CS. Although the construction decrease was just one case and could not present a general trend, it still proved that that type of change occurred. Considering that CS is located in a traditional fast urbanization region, the decrease in construction revealed that this type of situation existed in rural landscapes and might develop in other rural areas. In contrast to significant growth trends, which are generally at the county level in previous studies [7, 68, 69] , responding to construction contraction at the local scale requires attention and study as preparation for urbanization effects in rural areas.
Rural Landscape Management
Considering strong differences in landscape characteristics and landscape changes during the urbanization process among different rural areas, particularly those results differentiated from general results and larger scales, as discussed above, policies for sustainable landscape management in rural landscapes should be reinforced from two perspectives.
Considering the spatial variability of rural landscape characteristics and pattern changes at a local scale, differentiated land use management policies should be developed in addition to a common management policy at the national or regional level. In rural areas around metropolitan areas, such as DX, policy should address restrictions on the extension of construction areas and on the conservation of remaining semi-natural land. In traditional agricultural rural areas, such as QZ, policy should focus on improving agricultural production. Those rural areas around highly urbanized regions, such as CS, need to focus on stimulating eco-services of semi-natural land.
Under conditions in which little natural land remains, attention needs to be paid to improving the natural value of semi-natural land, which efficiently conserves biodiversity [48, 49, 70] . Special rural landscape management stewardship [50] and subsidy schedules, such as the Common Agricultural Policy of Europe [71] , are excellent lessons and experiences for further management of natural value improvement. In particular, developing stewardship for agricultural production, which has strong effects on rural landscape change at a local scale, can meaningfully improve the natural value.
Conclusions
The local rural landscape in eastern China has obvious differences both in landscape composition and pattern. Various development backgrounds have led to different landscape change trends at the local scale. Rural areas facing strong urbanization pressure showed fast land use change, and traditional agricultural production areas presented a stable character, especially in weak expansion of construction land. Generally, fragmented and heterogeneous areas existed in eastern China, while disaggregation and diversity increased, leading to mixed land use in local rural areas. Farmland showed a slow decrease, indicating the efficient function of farmland protection policy. Interestingly, semi-natural land increased owing to orchard and nursery extension. As valuable natural land continued to decrease in rural areas, semi-natural land was the key for natural conservation. Changing agricultural production was the major driving force for changes in the local rural landscape, and it promoted semi-natural land growth. Land use composition and landscape patterns had various change characteristics in different rural areas at a local scale. CS, located in an urbanized region, had the fastest rural landscape change and the most semi-natural land for conservation. DX, near a metropolitan area, presented significant construction expansion and strong local conservation pressure due to loss of semi-natural land. QZ, in a traditional agricultural production region, showed weak rural landscape change and remained stable in the urbanization process. Considering landscape change variability, rural landscape management policies need to be developed to respond to local scale characteristics, particularly semi-natural land improvement. 
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